ABSTRACT: Layout of stations and height of aircraft are very important to localization accuracy of wide area multilateration (WAM) system, and the error produced by layout of stations and height of aircraft may influence WAM system's localization accuracy. To find the approach to reduce the error, this paper firstly calculates relationship between localization accuracy and height error according to hyperbolic algorithm and least square method, and obtains the change law of horizontal dilution of precision (HDOP) and vertical dilution of precision (VDOP) with height. Secondly, the system localization precision of levels of the same height and levels of different aircraft heights after giving consideration to the various circumstances of wide area stations layout are simulated and analyzed. Thirdly, the impact of different station layouts and baseline length of the levels of the same height on localization precision are discussed. Simulation and discussion results show that the aircraft height has a large impact on the WAM system's localization precision. In particular, the vertical localization precision reduces obviously when the height is low. When the height is unchanged, a proper station layout and baseline length can improve the system's localization precision.
INTRODUCTION
Wide area multilateration (WAM) is a cooperative aircraft surveillance technology based on the same time difference of arrival principle that is used on an airport surface. WAM is a technique where several ground receiving stations receive Mode A/C and Mode S transponder signal of civil aircraft; then the aircraft's location is mathematically calculated typically in two dimensions, with the aircraft providing its altitude. Aircraft position, altitude and other data are ultimately transmitted, through an Air Traffic Control automation system, to screens viewed by air traffic controllers for separation of aircraft. It can and has been interfaced to terminal or en-route automation systems [1] [2] [3] . As the existing secondary surveillance radar (SSR) has an incomplete coverage, resulting in dead zones, and its cost is high, a WAM system has been installed in some mountainous routes and terminal areas in Europe and America for aircraft surveillance [4] .
The WAM system consists of a number of distributed ground receiving stations and its precision is subject to impact of the geometric distribution of receiving stations, i.e. Geometrical Dilution of Precision (GDOP) [5] [6] [7] [8] [9] . Literatures [10] [11] [12] [13] analyze the system localization accuracy of time-difference localization. Literature [10] and literature [11] focus on the analysis of the impact of stations' geometric position on localization precision. Literature [12] mainly analyzes the error caused by the target height in two-dimensional localization solution. Literatures [13] [14] mainly analyze the impact of station site measurement error on the system's two-dimensional localization precision. Literatures [15] [16] studies multilateration station selection and fault localization methods. Literatures [17] [18] mainly study the way to improve system's localization efficiency. However, the literatures discussed before fail to analyze the impact of different target heights on the localization precision of WAM.
The paper analyzes the system localization precision of levels of the same height and levels of different target heights after giving consideration to the various circumstances of wide area station layout and obtains the change law of Horizontal Dilution of Precision (HDOP) and Vertical Dilution of Precision (VDOP) with height. Finally, it analyzes the impact of different station layouts and baseline length of the levels of the same height on localization precision and solves the issue in relation to guaranteeing the design and localization precision of stations of WAM system for levels of different heights of routes.
ALGORITHM OF LOCALIZATION ACCU-RACY ANALYSIS OF WAM SYSTEM
Multilateration is a hyperbola/hyperboloid localization technique. It calculates the target location with the differences in the time for the target to reach different stations and the reference station. The localization precision is related to TDOA error and station layout, and is shown in equation (1):
Where, σ S represents the positional accuracy of WAM system, σ T represents the ranging accuracy of TDOA and G represents GDOP. GDOP determines the design of station layout, and directly affects the system's positional accuracy. Therefore, the way to reduce the GDOP value is very important for controlling system precision. 
Where, c is the signal propagation velocity, Tm is the measured value of the time for signal to arrive at the receiving station, T0 is the time of signal transmission by the target, r is the distance from target to the receiving station and n is the measurement noise. Assuming the mean value of measurement noises is zero and they are independent of each other, the covariance matrix is shown in equation (3):
The WAM system applies the Time Difference of Arrival (TDOA) algorithm for hyperbolic localization. In formula (2) , in order to eliminate the common parameter T0, time difference is used to list the equation set for measurement of time difference:
Where, i is in the range of 2~N. There are only (N-1) time difference formulas.
Using the vector matrix to express the difference values of measurement noise, then: 
Where, difference matrix
Then, the covariance matrix of time difference of arrival is shown in equation (6):
Through the least square method and linear valuation method, the covariance matrix time difference measurement and localization is shown in equation (7): 
Where, 
With formula (7) and the definition of GDOP,
The accuracy error of horizontal position is described with HDOP:
The system height precision error is described with VDOP:
Where, H represents HDOP and V represents VDOP. For wide area routes and terminal area, HDOP controls horizontal localization precision and VDOP controls vertical localization precision. The larger the values of HDOP and VDOP are, the lower the localization precision will be. A simulated analysis of HDOP and VDOP is conducted for the aircraft in the air.
SIMULATION AND ANALYSIS

Analysis of HDOP and VDOP at levels of the same height
It can be derived with the GDOP algorithm formula that GDOP depends on the layout and target position, etc. of each receiving station of the WAM system. Next, an analysis of HDOP and VDOP algorithms is conducted for the aircraft of aerial routes. Simulation results under different conditions are obtained through algorithm simulation. Four receiving stations of the WAM system can be used to conduct 3-dimensional position calculation positioning. However, in actual operation, consideration is made to system redundancy and reliability. Generally, simultaneous coverage localization is conducted for 5 stations. Here, we first conduct a simulated analysis for the standard 5-station layout. Simulation conditions: surveillance area selects a 50km×50km area with a standard 5-station layout. The coordinates of the station in the middle is (0, 0) and the baseline distance from the surrounding 4 stations to the middle station is 20km. The measurement error is set to 10ns and the target heights are 3,000m and 8,000m, respectively. Figure 1 and 2 show the HDOP results of 5 stations at the target height of 3,000m and 8,000m, respectively. Figure 3 and 4 show the VDOP results of 5 stations at the target height of 3,000m and 8,000m, respectively. It can be obtained through analysis that for the same target height level, if the height is low, the HDOP value is typically smaller than VDOP. When the target height is high, the HDOP in the area surrounded by the receiving stations is smaller than VDOP, indicating that the WAM system's localization precision in the area surrounded by the stations is subject to a large impact of vertical localization precision. In the direction of opening of two stations outside the area surrounded by the receiving stations, the HDOP is smaller than VDOP. In the extension line of the line connecting the stations, the HDOP is larger than VDOP.
It can be seen from Figure 1 and 2 that when the layout is fixed, there will be small changes in the horizontal localization precision of the levels of different target heights, while there are large changes in the vertical localization precision. Next, a simulated analysis is conducted for the HDOP and VDOP of the levels of different target heights based on the results discussed before.
Analysis of HDOP and VDOP results in case of changes in height levels
Based on the simulation results of the said levels of same height, with the simulation conditions unchanged, the point (10, 0) in the area surrounded by the stations in the standard 5-station layout, the point (30, 0) on the extended line of the openings of both stations out of the area surrounded by the stations and the point (30, 30) on the extended line of the line connecting stations are taken as the typical target position points for analysis of HDOP and VDOP. The HDOP results in Figure 5 show the changes in the system's horizontal localization precision in case of changes in the target height level. The VDOP results in Figure 6 show the changes in the system's vertical localization precision in case of changes in the target height level. It can be seen that there are small changes in the horizontal localization precision in case of changes in target height, while there are great changes in vertical localization precision. When the target height is low, the vertical localization precision obviously becomes poor with the decrease in target height, and is obvious poorer than the horizontal localization precision. When the target height is high, there are small changes in vertical localization precision with the changes in target height. The VDOP value of the points in the area surrounded by stations and the points in the direction of the extended line of the openings of both stations out of the area surrounded by the stations is larger than HDOP, while the VDOP of the points on the extended line of the line connecting the stations is slightly smaller than HDOP. As the system's localization precision consists of horizontal and vertical localization precision, the impact of changes in target height on the WAM system's localization precision is large.
Analysis of VDOP results in case of different stations layout and the same height levels
The previous analysis shows that the changes in target height in the WAM system have a large impact on the system's vertical localization precision. Therefore, we will then further analyze the impact of changes in station layout and baseline length on the system's vertical localization precision when the target height is fixed.
Analysis is made with two typical 4-station localization layouts as examples. Firstly, the station layout is set with 4 symmetrical stations and 4 stations in star-like layout. The simulated surveillance area still selects a 50km×50km area with the baseline length between stations of 20km. The measurement error is set to 10ms and the target height is set to 8,000m. The VDOP results are shown in Figure 7 and 8. Figure 7 shows that effective localization cannot be achieved in the direction of the center line of every two stations' opening in the 4-station symmetrical layout. There is obvious cross-shaped divergence with VDOP. The way of layout is not applicable in practice. However, it can be seen from Figure 8 that the 4 stations in star-like layout is a good way of layout and can guarantee vertical localization precision. However, the shortcoming is that the system's redundancy is insufficient and has a low reliability. Therefore, with the target height level unchanged, different way of station layouts can improve the WAM system's vertical localization precision.
The paper analyzes the impact of adjustment of baseline length on the system's localization precision with the height level unchanged. Figure 9 shows that the baseline length is adjusted to 30km on the basis of the simulation conditions of the said star-like layout of stations. It can be seen that to increase the baseline length can improve the WAM system's vertical localization precision to a certain extent. In actual external field test, in order to ensure the precision of the center area surrounded by the stations, a station layout structure similar to star shape is applied. The baseline is about 20km and the actually measured localization effects are good.
The simulated analyses discussed before have given consideration to the external field application. The setting of simulated baseline and height level changes meet the actual environment. The actual external field test has also verified the effectiveness of the analysis method.
CONCLUSIONS
The target height has a large impact on the WAM system's localization. In particular, the vertical localization precision reduces obviously when the height is low. When the height is unchanged, a proper station layout and baseline length can improve the system's localization precision. The paper analyzes the change law of HDOP and VDOP through adjusting the target's flying height for different layout ways of WAM system. The results are accurate and reliable and have important reference value for the way to guarantee the system's localization precision. 
